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ABSTRACT

Aluminum alloy 6061-T6 is now gaining interest from industries. It is known that T6
heat treatment process induced the presence of Mg,Si particles. The uniform distribution
and size of these particles are responsible for the improved mechanical properties.
However, the presence of these particles may also produce the local galvanic corrosion
between the particles and aluminum matrix. Thus, the electrochemical corrosion behavior
of this aluminum alloy is of great interest for industries, particularly marine industries. This
case study provides insight in the thermodynamics corrosion of pure aluminum and then
offers the preliminary study on the electrochemical corrosion of aluminum in the artificial
marine solution using a polarization curve technic and an electrochemical impedance
spectroscopy (EIS). The study shows that the passive film mainly composed of A(OH); can
be formed on the substrate of aluminum, enhancing the corrosion resistance in a pH range
of 5.7-8.5. Polarization curve results show that the presence of chloride ions attacks the
passive film, promoting the pitting corrosion. EIS results display that the destruction of
passive film can lead to a significantly increased corrosion rate of aluminum 6061-T6. The
calculation based on Gibbs free energy pointed out that the localized corrosion of
aluminum 6061-T6 can be initiated from the electrochemical potential difference between
Mg,Si particles and aluminum matrix. Mg can be dissolved, leading to the onset of the
localized corrosion.

Keywords: Aluminum Alloy 6061-T6; Thermal Aging Process; Localized Corrosion
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Table 1 Gibbs free energy of species formed in Al-H20 system at 25 °C113]

Formula State AG°(J/mol)
Al solid 0
AU(OH), solid -1,147,550
H,O liquid -237,077
A ion -480,930
A0, ion 838,967
2 ion 0

Y ] a o Y Aa a o i v a 34+ % A o aaa o 3w
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Al — A 43¢ ®)

A" +3H,0 — AlOH),+3H" )
Al +3H,0 —>Al(OH);+3H +3e (10)
Al(OH),— AlO, + H'+H,0 (11)

Al +2H,0 — AlO, + 4H +3e (12)
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Table 2 Reaction number, equations and line number used to plot Potential-pH diagram of

Aluminum corroding in water at 25 °c

Reaction Equation Line in Fig. 1
8 E = 0.02log[Al**] — 1.63 1
9 pH = —0.33log[AI3*] + 2.81 2
10 E = —0.0591pH — 1.51 3
11 pH = log[AlO;] + 14.6 4
12 E= —0.08pH — 1.4 5

1.5
1.0F
~ 05F
1]
T oof 2 4
@
g 05F APt Al(OH), AlO;,
:;6’ -1.0 F corrosion passivity corrosion
w sk
1.5 1 3
20 Al immunity 5
25 1 1 1 1
0 4 oH 8 12 16

Figure 1 Potential-pH diagram of Aluminum corroding in water at 25 °C.
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Figure 2 Polarization of Al6061-T6 corroding in a 0.1 mol NaCl solution.

U7 3 (a) uansravesAdufiuuduetezgiiilen 1n3n 6061-T6 lasnudn ABufinaud
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Figure 3 EIS results of Al 6061-T6 in a 0.1 mol NaCl solution
(a) Bode plot (b) Phase and (c) Nyquist plot
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Figure 4 Equivalent circuit model for Al6061-T6 immersed in a 0.1 mol Nacl solution at

room temperature
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